Abstract-A photovoltaic (PV)-Grid System integrates electric energy generated by PV modules and a grid. A Maximum Power Point Tracker (MPPT) is required due to PV characteristic. It will force the PV modules produce maximum power in the DC voltage. It is needed an inverter to convert DC into AC voltage and to match the grid voltage. A standard inverter topology used in active filtering is functioned to inject harmonic and reactive power components but it must be able to transmit active power component in PV-Grid System. Instantaneous power concept is often used to control an active power filter due to its simplicity.
I. INTRODUCTION
Recently, a PV -Grid Systems is the most popular method in utilizing electric energy generated by PV modules. The system is capable to integrate such electric energy to a grid system. This can be implemented by single-stage systems or two-stages systems. Due to the characteristic of PV modules that is composed by voltage-current source, a converter is required to operated PV modules near their maximum power point. This converter is named as a Maximum Power Point Tracker (MPPT). In a two-stages PV-Grid system, a DC-DC converter is used as an MPPT and an inverter is used as an interface to the grid. While in a single-stage system, an inverter must be functioned as an MPPT and an interface. One Cycle Control can be applied to control a single phase inverter in a single stage PV -Grid System [I] . By using template modulated current in phase with respect to the grid voltage, a PV -Grid system is capable to transfer power [2] . Digital control implemented by fuzzy logic can also be applied [3] .
A two-stages PV-Grid system requires simple control circuit because each controller can run separately. The first 978-1-4799-6432-1/14/$31.00 ©2014 IEEE 351 controller is used by the MPPT to forces the PV modules generates their maximum power. Some control methods have been developed by many researchers, these are constant voltage, perturb and observe, incremental conductance, etc [4] , [5] . The second stage may be implemented by standard topologies or other topologies of inverters. A half-bridge inverter can be used to transmit the power into the grid with plug-in repetitive current controller based on a fourth-order linear phase IIR fIlter [6] .
Instantaneous power theory is a concept that is often used in active power fIltering. It is able to calculate instantaneous power by using Clarke Transformation [7] , [8] . This Transfonnation is very simple to be understood. Based on the inverse Clarke Transformation, the proposed control circuit for a three-phase three-legs inverter is described. The change of the DC-link voltage is used as an input for a Proportional Integral controller, then it will be proceeded by using inverse Clarke Transformation to obtain current references for a current controller of the inverter. To verify the analysis, simulation work were done.
II. THREE-PHASE THREE-WIRE PV-GRID SYSTEM
Integrating power generated by PV modules into the grid offers some advantages so this method is being developed. The common type of the PV -Grid Systems is two-stage type that consists of a DC-DC converter as an MPPT and an inverter as an interface to the grid. An MPPT is functioned to maximize the power generated by the PV modules while an inverter converts DC voltage into AC voltage. Inverters used in the PV Grid Systems can be operated as voltage sources or current sources. Synchronization is needed for the inverter that is operated as a voltage source, this will result in complexities. While operating the inverter as a current source is simpler. A controlled current source needs the DC voltage as its input with magnitude higher than the peak value of the grid voltage. For it is a current source, the synchronization is not required anymore so the complexities will be reduced.
The proposed three-phase three-wire PV Grid System is depicted in Fig. I . This consists of a boost chopper and a three legs inverter with inductors connected at its AC side. To obtain maximum power produced by the PV modules, an MPPT controller requires voltage and current detection of the PV modules. The MPPT outputs maximum power in higher DC voltage. This power will be transmitted into the grid via the inverter. The DC-link capacitor is used to detect power equilibrium, if the capacitor absorbs power, the DC-link voltage will increase while releasing the power will makes its voltage decreases. Instantaneous power theory (pq theory) is commonly used in active power filtering and very powerful. The main purpose of this theory is to determine instantaneous power from the quantities of three phase voltages and currents by using Clarke transformation stated in (I) .
The phase voltages (va, Vb, vc) and currents Cia, h, ic) in three phase system (abc-coordinate) can be converted into a� coordinate (vm vp) and Cim ip) (2) Then the instantaneous active power (P) and reactive power (q) can be determined by using the voltage and current quantities in the a�-coordinate
Inverse calculation can be done to obtain the current quantities in a�-coordinate from instantaneous active and reactive power. 
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) where V and I are the RMS values of the main voltages and the phase current. Converting them into a�-coordinate by substituting (6) and (7) into (2), results in
The instantaneous active and reactive power can be found by substituting (8) and (9) into ( 3 )
For V and I are the RMS values so that equation(IO) will be a constant value. This means that resistive loads will just absorb instantaneous active power with constant value. If equation (10) and (11) are inverse transformed by using (4) and (5), three phase sinusoidal currents with unity power factor are created as depicted in Fig. 2 . the magnitudes of these phase currents are influenced by the magnitude of the active power. . By using a current controller, the inverter can inject required curr ent waveforms. Current references are needed by the controller, then operation of the inverter switches with common sequences are done to make the inverter output currents track the references. An inverter that is functioned as an interface between a PV-MPPT block and a grid must be able to transfer all power generated by the PV modules (Pl'v). If the power transmitted by the inverter into the grid (Pin,,) is less than Pl'V, the DC-link capacitor voltage (vcap) will increase because the part of power is absorbed by the capacitor. But if Pin " is greater than Pl'v, the DC-link capacitor voltage will decrease because the capacitor releases the power. The basic method to guarantee Pl'V equals to Pinv is by keeping vcap nearly constant. where Kp and Ki are the proportional constant and the integral constant. Under steady state error, the output of the PI controller will be a constant value (Uss) .
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U (t tready-s rare "" U.,· S (13) For the current controller must force the inverter output curr ents (0 track the curr ent references (ire/), the magnitudes of the current references must change according to the value of vcap . The value of l/" represents the power which must be transmitted by the inverter into the grid to keep power equilibrium. This power can be converted into representative currents as references for the inverter output currents by using (4) and (5).
To simplifY the control method, (4) and (5) .
[
(15)
By using inverse Clarke Transformation, the curr ent references for the inverter can be found as
(16)
The curr ent references stated in (16) represents the curr ents flowing at the inverter output side to achieve power equilibrium. Under condition P PV is greater than Pinv, the magnitudes of these currents increase, meanwhile under Pl'V is less than Pin ", the magnitudes of these currents will decrease.
from PV-MPPT s in (ml), cos (ml) Fig. 4 . Inverse Clarke Transformation based control method for three-phase three-legs inverter
To fmd the input signals of the curr ent controller, the current references are then compared to the actual currents of the inverter output. The current controller can be implemented by hysteresis controller.
m. RESULTS AND DISCUSSION
To verity the analysis, simulation works were done based on Fig. 1 by using PSIM. A controller that based on perturb and observe was used for the MPPT while the controller depicted in Fig. 4 was used for the three-phase inverter. The results for discussion are focused on the inverter waveforms. The parameters used for simulations are shown in Table. 1. The simulations were experienced for two condition, the first one is when the load power (Pr) greater than the power generated by the PV modules (Pl'v) and the second one is vice versa.
The grid voltages are shown in Fig. 5 , they are three phase balanced waveforms. Connecting linear loads implemented by three identical resistors with loads power greater than the power generated by the PV modules results in the part of loads power (PL) is supplied by Pl'V and the other part is supplied by the grid (Fig. 6) . This condition causes the curr ent waveforms of the grid, the output inverter and the load are in phase with respect to the grid voltages. This can be stated as the following (17) where iT , is and ic are the loads curr ent, the grid current and the inverter output current.
Va : Vb Vc : : : :
, , , The relationship among the maximum power, PPV and pin" are depicted in Fig. 7 . Under steady state condition, the average power of the power transmitted by the inverter to the grid equals to the power generated by the PV modules(pinv = Pl'v), If the power equilibrium is achieved then the DC-link capacitor voltage tracks the reference voltage (Fig. 8 ) r(Jaximum Power of PV n10dules : The second condition when PL is less than Pl'V was taken for the next simulations. The part of the power generated by the PV modules flows into the loads side and the other part flows into the grid. This results in the grid currents have the opposite polarity with respect to the grid voltages (Fig. 9) . This means that the excessive power from the PV modules will be transferred into the source of the grid, and expressed as
Under the two condition, the power transmitted by the inverter into the grid is represented by three phase sinusoidal currents in phase with respect to the grid voltages, this means that the inverter only injects the active power into the grid. With the grid voltages are represented as Va,Vh and Vc then the power equilibrium is achieved (inverter losses is ignored) if
Tf the inverter losses is assumed as Ploss then (19) will be
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.. The proposed control method offers some advantages. It is simple and produces three-phase inverter output currents with unity power factor. Implementing such an inverter in a PV Grid System makes all the power generated by the PV modules can be transmitted into the grid. Under ideal grid voltages, the inverter will inject only active power.
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